Background-Acute cardiogenic pulmonary edema is a common medical emergency with high early mortality. Initial clinical assessment would benefit from accurate mortality prediction. We aimed to develop a simple clinical score based on presenting characteristics that would predict 7-day mortality in patients with acute cardiogenic pulmonary edema. Methods and Results-We used data from patients recruited to the 3CPO trial (a pragmatic multicenter trial comparing continuous positive airway pressure, noninvasive positive pressure ventilation, and standard oxygen therapy in emergency department patients with acute cardiogenic pulmonary edema) to investigate the association between baseline characteristics and 7-day mortality. Factors associated with mortality (PϽ0.1) were entered into a multivariable model. Independent predictors of mortality from the multivariable model (PϽ0.05) were assigned integer weights based on their coefficients and incorporated into a risk score. The discriminant ability of the score was tested by receiver operator characteristic analysis. Data from 1069 patients (78Ϯ10 years; 43% men; 7-day mortality, 9.6%) were analyzed. Multivariable analysis identified age (Pϭ0.003), systolic blood pressure (PϽ0.001), and Glasgow Coma Scale motor component dichotomized and simplified to the ability to obey commands or not (Pϭ0.02) as the only independent predictors of 7-day mortality. These were weighted and used to develop a risk score ranging from 0 (7-day mortality, 1.9%; 95% CI, 0.8 to 4.5) to 7 (7-day mortality, 100%; 95% CI, 34.2 to 100). Receiver operator characteristic analysis demonstrated good risk prediction with a c-statistic of 0.794 (95% CI, 0.745 to 0.843). A simplified 3-point score with no weighting had a c-statistic of 0.754 (95% CI, 0.701 to 0.807). Conclusions-A simple clinical score based on age, systolic blood pressure, and the ability to obey commands predicts early mortality in patients with acute cardiogenic pulmonary edema. Clinical Trial Registrationclinicaltrials.gov Identifier: ISRCTN077448447.
A dmissions to hospital with acute decompensated heart failure are increasing and are the commonest reason for hospital admission in patients older than 65 years. 1, 2 Patients admitted with this condition have high short-and long-term mortality. 3, 4 This has led some authorities to compare the burden of disease to that of acute myocardial infarction. 5 Approximately 50% of patients admitted with acute decompensated heart failure will present with acute cardiogenic pulmonary edema (ACPE) as the principal finding. 6 
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ACPE is a life-threatening medical emergency. Early management includes high flow oxygen, nitrate, and diuretic therapy. 7 Patients who do not respond to medical treatment may require noninvasive ventilation or endotracheal intubation. 8 -10 Response to treatment may be rapid and unpredictable. Many will quickly improve and can be appropriately managed with a relatively short inpatient stay on a general ward. Others will require admission to coronary, high dependency, or intensive care. A significant proportion (around 10%) will die during hospital admission despite treatment. 3, 4, 11 Initial clinical management may be improved by the rapid and accurate estimation of early mortality through guiding emergency treatment and prognostication. A number of scores have been developed to enable outcome prediction but none relate directly to patients with ACPE presenting to the emergency department. [12] [13] [14] Cohorts have included all hospitalized patients with acute heart failure syndromes rather than specifically patients with ACPE or concentrated on identification of low-risk groups. 15 Indeed, it is increasingly accepted that there are a number of different pathophysiological presentations within cohorts of patients with acute heart failure syndromes and treatments should be tailored and outcomes may differ between these. 16, 17 Previous risk scores have included predictor variables (comorbidities, etiology, laboratory tests, and cardiac function) that are not consistently available before immediate treatment and decision making at presentation [17] [18] [19] and used outcomes that may not be directly relevant to emergency care settings. When tested, they have been shown not to perform adequately in the emergency department setting. 20 We have recently reported a large multicenter trial comparing noninvasive ventilation (continuous positive airway pressure or noninvasive positive pressure ventilation) to standard therapy for ACPE with acidosis (the 3CPO trial). 21 This pragmatic trial provided an opportunity to develop a tool for predicting early mortality in ACPE. We aimed to develop a simple clinical score based on presenting characteristics that could be used to predict 7-day mortality in patients with ACPE.
Methods
This is an analysis of the previously reported 3CPO trial. 21 Patients were recruited from 26 emergency departments in the United Kingdom who presented with acute cardiogenic pulmonary edema. Inclusion criteria were age Ͼ16 years, clinical diagnosis of acute cardiogenic pulmonary edema, pulmonary edema on chest radiograph, respiratory rate Ͼ20 breaths per minute, and arterial hydrogen ion concentration Ͼ45 nmol/L (pH Ͻ7.35). Exclusion criteria were a requirement for a lifesaving or emergency intervention such as primary percutaneous coronary intervention, inability to consent, and previous recruitment into the trial. Eligible patients were consented and then randomized using a telephone randomization service to standard oxygen therapy, continuous positive airway pressure, or noninvasive positive pressure ventilation on a 1:1:1 basis. Other concomitant therapies were administered at the discretion of the treating clinician, but the trial guideline advocated the use of nitrates. The intervention arms were delivered for a minimum of 2 hours, but the treating clinician was free to change the treatment if he/she felt it was clinically appropriate. There were no prespecified treatment failure or endotracheal intubation criteria. Primary end points were 7-day mortality for the comparison between noninvasive ventilation (continuous positive airway pressure or noninvasive positive pressure ventilation) compared with standard oxygen therapy and a combined end point (7-day mortality or endotracheal intubation) for the comparison between continuous positive airway pressure and noninvasive positive pressure ventilation. There were a number of secondary outcomes that included a comparison of myocardial infarction rates between groups. Data collected included patient epidemiological, historical, and physiological characteristics; interventions such as endotracheal intubation; mortality; myocardial infarction; length of stay; critical care admission; and patient symptoms measured by a dyspnea scale. All patients, if possible, were approached for repeat consent within 7 days of recruitment and subsequently followed up to 6 months after recruitment. The trial received Multicenter Research Ethics Committee approval (MREC/ 02/0/74) and was registered.
Data Analysis
Univariate analysis was used to identify significant associations (PϽ0.1) between each of the following variables and 7-day mortality: age, sex, history and comorbidities, baseline physiology, arterial blood gas variables, Medical Research Council breathlessness scale breathlessness score, 22 and acute breathlessness measured on a 0 to 10 visual analogue score. 2 tests were used for categorical variables, and t tests were used for continuous variables. The Glasgow Coma Scale (GCS) 23 was dichotomized into normal versus abnormal for each element because most patients had a normal GCS as determined by the trial inclusion criteria.
Variables with a significant association (PϽ0.1) with mortality were entered into a multivariable model. Factors shown to be independent predictors of outcome (PϽ0.05) were selected for development of a clinical score. Continuous independent predictor variables were categorized into septiles, and the relationship of the categorized variables with mortality was examined to simplify the number of categories. The simplified independent predictor variables were subsequently entered into a multivariable logistic regression model to estimate the strength of the independent association of each variable with mortality, as expressed by the logistic regression coefficients. Interaction terms for each possible combination of variables were then added to the model to determine whether there were any significant interactions between predictor variables. We also ran a stepwise backward elimination procedure, starting with all the variables with a significant univariate association with outcome, and using PϾ0.05 to eliminate variables from the model, to check whether this produced the same set of independent predictor variables for the final model.
For each variable found to be an independent predictor of outcome, we assigned integer weights to each category of that variable to produce an overall score that would be easy to use in clinical practice. The weights corresponded approximately to the relative magnitude of the coefficient for the category in the multivariable model. A weight of 0 was assigned to the category with the lowest mortality for each variable. The integer weights for each variable were summed to obtain the total score for each patient.
The performance for this derivation cohort of the score was then investigated by reporting the association between the score and 7-day mortality. We also compared mortality in patient groups with the same overall score but derived in different ways from the individual elements to ensure that the score was internally consistent. This check examines whether clinically distinguishable groups with the same risk prediction score do in fact have similar outcomes. To check the second requirement of a clinically useful risk prediction score, that patients with higher scores should be at greater risk than patients with lower scores, we calculated the area under the receiver operator characteristic curve (the c-statistic). This statistic can be interpreted as the probability that a randomly selected patient who died had a higher risk prediction score than a randomly selected patient who survived.
Finally, we analyzed the performance of a more simplified version of the score using unweighted variables, ie, each variable was dichotomized and weighted as either 1 or 0. The difference in the c-statistic of the weighted score and unweighted score was compared using the Roccomp procedure in Stata.
Results
Patient flow through the trial has been reported elsewhere 21 (Supplemental figure I). Data from the 1062 patients with 7-day mortality recorded were available for analysis. Patients were elderly (age, 78Ϯ10 years), predominantly women (57%), and unwell with a marked tachycardia (112Ϯ22 beats per minute), tachypnoea (32Ϯ7 respiratory rate per minute), hypertension (systolic blood pressure [BP], 161Ϯ36 mm Hg), acidosis (pH, 7.22Ϯ0.09), and hypercapnia (pCO 2 , 7Ϯ2.3 kPa). There was a high 7-and 30-day mortality (9.6% and 15.6%, respectively). Data on the cause and timing of death after presentation are detailed in Table 1 . Fifty-one percent of patients were diagnosed with an acute myocardial infarction during admission, 2.8% were intubated, and 41.6% were admitted to a critical care bed on leaving the emergency department. Median length of stay was 9 days.
Age, previous coronary heart disease, hypercholesterolemia, GCS verbal component, GCS motor component, Medical Research Council breathlessness scale score, systolic BP, arterial acidosis, and oxygen saturation were associated with increased 7-day mortality (PϽ0.1; Table 2 ). These variables were entered into the multivariable model and age (Pϭ0.003). Systolic BP (PϽ0.001) and GCS motor component (Pϭ0.02) were the only independent predictors of 7-day mortality ( Table 3 ). These were selected for development of a clinical score. The backward elimination procedure also removed all the variables except these 3 confirming that the model selected was the best one for this dataset.
GCS motor component was incorporated as a dichotomized variable and simplified to either the ability to obey or not to obey commands. The relationships between mortality and septiles of age and systolic BP are shown in Supplemental Figures II and III. On the basis of this analysis, age was categorized as Յ75 years, 76 to 85, or Ͼ85, and systolic BP was categorized as Յ120 mm Hg, 121 to 140 mm Hg, or Ͼ140 mm Hg. These 3 categorical variables were entered into a multivariable model. No significant interactions were identified between the variables. The coefficients for each category are detailed in Table 4 . Integer weights were assigned to each variable category based on the relative magnitude of the coefficient for the category in the multivariable model (main effects only) to produce a score that would be easy to use in clinical practice (Table 5 ). Table 6 shows mortality for each level of the score. Mortality increases as the score increases.
Outcomes for clinically distinguishable groups with the same score are shown in Figure 1 . Each dot shows the mortality for a group of patients who share the same score and the same value on each of the 3 elements of the score. Different dots at the same overall score show mortality for patients with the same overall score but different scores on the 3 elements. For example, the same overall score of 2 is shared by patients with normal systolic BP who are older than 85 years and able to obey commands or younger than 75 years but unable to obey commands. Although there are differences Data are presented as n (%).
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in mortality between some groups with the same total score derived by different combinations, these differences were not statistically significant ( 2 ϭ8.93, dfϭ8, Pϭ0.35), providing no evidence of heterogeneity of outcome for patients with the same score. Some of the groups in this analysis comprised Ͻ5 patients.
The receiver operator characteristic curve for the weighted score showed good discriminant power with a c-statistic of 0.794 (95% CI, 0.745 to 0.843; Figure 2 ). This was similar to the c-statistic for a model based on using the 7 septile categories for age and BP rather than the 3 categories in the simplified model, and using the actual values for model estimated coefficients rather than integer weights (c-statisticϭ0.810), suggesting that simplifying the score did not markedly reduce its predictive power.
An even more simplified version of the score was tested with no weights attached to the 3 components, ie, 1 point for patient unable to obey commands, 1 point for age Ͼ75, and 1 point for systolic BP Յ140 mm Hg. Mortality for a score of 0 was 1.9% (95% CI, 0.8 to 4.5), for 1 was 6.4% (95% CI, 4.7 to 8.8), for 2 was 25.9% (95% CI, 20.2 to 32.7), and for 3 was 77.8% (95% CI, 45.3 to 93.7). The c-statistic for the receiver operator characteristic curve ( Figure 2 ) was 0.754 (95% CI, 0.701 to 0.807), which was significantly worse than the c-statistic for the weighted score (0.794; 2 ϭ11.71, dfϭ1, PϽ0.001), and there was evidence of heterogeneity in outcomes between clinically distinguishable groups with the same unweighted score ( 2 ϭ28.3, dfϭ12, Pϭ0.005). However, the clinical value of the slightly better prediction using a more complex score remains the true test.
Discussion
We have developed a simple clinical score to predict 7-day mortality in ACPE with acidosis based on 3 variables (age, ability to obey commands, and systolic BP) that can be measured immediately at presentation. This score can be used to provide an immediate assessment of the patients' risk for mortality and guide initial management. In its simplest form, the score ascribes 1 point each for inability to obey commands, age Ͼ75, and systolic BP Յ140 mm Hg to give a maximum of 3 points. Alternatively, the components can be weighted to give a more precise 7-point score with slightly higher discriminant value and better internal consistency.
Our analysis has identified which presenting variables are predictors of mortality and which are not. Of particular interest is the strong independent predictive value of systolic BP, which has been described in previous registry and trial data. [12] [13] [14] [15] [16] [17] [18] Often, the development of acute cardiogenic pulmonary edema is dominated by a marked hypertensive response that is implicated in either its causation or the marked stress response to the clinical condition. 5, 24 It is perhaps surprising that history of myocardial infarction, vascular disease, or previous cardiac failure did not independently predict outcome unlike previous findings. 17, 18 This may reflect the inaccuracies of history ascertainment at the time of presentation or suggests that such features are poor predictors of early outcome that is dominated more by age and physical and hemodynamic reserve. Several studies have identified predictors of outcome in acute heart failure, 18 although none have focused specifically on early predictors in ACPE in the emergency department. Lee et al 12 developed a risk score for 30-day and 1-year mortality in community-based patients presenting with heart failure and found that age and systolic BP were independent predictors, alongside respiratory rate, blood urea nitrogen level, hyponatremia, and a number of comorbidities. The c-statistic for 30-day and 1-year scores was 0.80 and 0.77, respectively. Felker et al 13 developed a risk score for 60-day mortality in patients hospitalized for acute heart failure who were recruited into a randomized trial of milrinone versus placebo and found that age, systolic BP, New York Heart Association class IV symptoms, blood urea nitrogen, and sodium were independent predictors. The c-statistic for the predictive model was 0.77. Fonarow et al 14 developed a risk score for in-hospital mortality in patients hospitalized with acute heart failure and found that age and Weighted score 5 or more patients less than 5 patients Figure 1 . Values of the score from 2 to 6 may be derived from different combinations of the three components (age, systolic BP, and ability to obey commands). The mortality rate for each potential combination of the score is plotted separately to demonstrate whether patients with the same score, derived from different combinations of the constituent elements, may have different mortality rates. Seven-day mortality by weighted score for clinically distinguishable subgroups. systolic BP were independent predictors, alongside blood urea nitrogen and heart rate. Recursive partitioning was used to develop a simple risk tree.
We have confirmed that age and BP are independent predictors but have shown that in patients with ACPE and acidosis, the addition of the ability to obey commands provides a risk score with equivalent discriminant power to previous scores. The 3CPO score has additional advantages of being easy to compute and based entirely on clinical data that are immediately available at initial patient assessment. The 3CPO score in conjunction with clinical judgment allows rapid identification of patients who are at high risk for subsequent death and those who are, despite being extremely unwell at presentation, at low risk for death. This enables early decisions to be made regarding the level of therapeutic intervention and the disposition of the patient on leaving the emergency department and in addition may therefore be of value in prehospital care.
A number of limitations need to be considered before using the 3CPO score. First, the generalizability of the score has not been tested in validation cohorts, and therefore, the discriminant value is likely to overestimate the value in other populations. However, the over prediction as a result of both developing and testing the model in the same data are estimated to be only 6%. 25 Second, the 3CPO trial specifically recruited patients with severe ACPE defined by arterial pH Ͻ7.35. Therefore, the score should only be applied to patients who are acidotic at presentation. Third, the study did not have adequate power to fully test the internal consistency of higher values for the score, and values of 4 or 5 may lack internal consistency. However, it should be noted that this step is rarely undertaken in the development of risk scores. When internal consistency has been assessed, it suggested that widely used scores may lack internal consistency. 26 Finally, with regard to the clinical utility of the score, it should be recognized that the score simply predicts risk for mortality, with no judgment being made as to whether mortality is preventable or not. Clinical judgment will still need to be used in patients with a high score to determine whether intensive treatment is likely to be worthwhile or futile. This caveat applies to all mortality prediction scores.
In summary, we have developed a simple "bedside" risk score for patients with acute cardiogenic pulmonary edema with acidosis using age, the patient's motor response, and systolic BP that accurately predicts 7-day mortality. This simple score can be used by any health professional to provide an immediate assessment of the risk for early mortality.
CLINICAL PERSPECTIVE
Acute heart failure syndromes are the commonest reason for hospital admission in older patients. Fifty percent of patients admitted with acute heart failure syndromes will present with acute cardiogenic pulmonary edema as the principal finding. Emergency treatment includes oxygen, nitrate, and diuretics. Patients who do not respond to these may require noninvasive ventilation or endotracheal intubation. Many will quickly improve while others will require admission to critical care. Ten percent will die during hospital admission despite treatment. Clinical management pathways may be improved by the rapid and accurate estimation of early mortality. A number of scores have been developed to enable outcome prediction but none relate directly to patients with acute cardiogenic pulmonary edema presenting to the emergency department. In addition, it is increasingly accepted that there are a number of different pathophysiological presentations within cohorts of patients with acute heart failure syndromes and treatments should be tailored and outcomes may differ between these. Previous risk scores have included predictor variables (comorbidities, etiology, laboratory tests, and cardiac function), which are not consistently available at presentation to the emergency department and use outcomes that may not be relevant to emergency care settings. By using data from a recent large multicenter trial comparing noninvasive ventilation (continuous positive airway pressure or noninvasive positive pressure ventilation) to standard therapy for acute cardiogenic pulmonary edema with acidosis (the 3CPO trial), we have developed a simple bedside score using age, blood pressure, and the patients ability to obey commands that accurately and easily risk stratifies patients likelihood of death at presentation. This may be of significant use in primary, prehospital, and emergency settings.
